Background: Specific probiotics prevent necrotizing enterocolitis (NEC). A mixture of lactobacilli and bifidobacteria (Infloran) was highly effective in Asian very-low-birth-weight (VLBW) infants. We analyzed the effect of Infloran on NEC, NEC severity, and the influence of enteral feedings (breast milk vs. formula) on NEC prevention in a cohort of European VLBW infants. Methods: Infloran was implemented for routine use at our department. VLBW infants receiving probiotics were prospectively followed (2010)(2011)(2012) and compared with historic controls (2008)(2009). Data on NEC, neonatal morbidity, feeding tolerance, and descriptive parameters on NEC cases were analyzed. results: Infloran had no statistically significant impact on NEC (controls: 24/233 (10.3%); probiotics: 16/230 (7%); P = 0.2). However, NEC was significantly reduced in infants of the probiotics group who were fed any breast milk (20/179 (11.2%) vs. 10/183 (5.5%); P = 0.027), whereas it was ineffective in infants exclusively fed formula (4/54 (7.4%) vs. 6/44 (13.6%); P = 0.345). Occurrence of severe NEC (IIIb), time until full feeds, and gastric residuals were similar. conclusion: Infloran was of lower efficacy in a European VLBW cohort and showed a reduction of NEC only in infants fed breast milk. Future studies should investigate the influence of feeding formula or breast milk on the effect of probiotics. n ecrotizing enterocolitis (NEC) is an important cause of mortality and morbidity in premature infants (1). Although its pathogenesis is incompletely understood, a relation to an immature intestinal barrier, aberrant bacterial colonization, and enteral feedings is well established (2). Due to the seriousness of the disease, preventive strategies like the use of human milk and standardized feeding protocols (3-5) are of highest interest.
n ecrotizing enterocolitis (NEC) is an important cause of mortality and morbidity in premature infants (1) . Although its pathogenesis is incompletely understood, a relation to an immature intestinal barrier, aberrant bacterial colonization, and enteral feedings is well established (2) . Due to the seriousness of the disease, preventive strategies like the use of human milk and standardized feeding protocols (3) (4) (5) are of highest interest.
Probiotics are microorganisms that confer a health benefit after ingestion (6) . They are generally regarded as safe, and only single cases of sepsis were described in patients with major comorbidities (7) . In preterm infants, probiotics may act beneficially by improving the intestinal barrier (8) and promoting a healthy gut microflora (9) . Furthermore, they exert antiinflammatory effects on the gut epithelium (10) and improve local and systemic immune responses (11) that may strengthen a preterm infant's still immature immune defense. In the recent past, a preventive effect against NEC was assumed (12), and a variety of probiotic preparations were studied in randomized trials. Meta-analyses of these trials reported on a reduction of NEC in very-low-birth-weight (VLBW) infants by 65% (13, 14) , and the use of probiotics in clinical routine was recommended. Based on these suggestions, we decided to introduce probiotics for NEC prophylaxis as standard of care at our department. The probiotic preparation Infloran (Laboratorio Farmaceutico, Mede, Italia) consists of a mixture of Lactobacillus acidophilus and Bifidobacterium infantis and was chosen as its use was suggested by European experts (14) and it was available in sufficient quantities for routine application. Infloran (Laboratorio Farmaceutico) was highly effective (−80% NEC incidence) in a prospective randomized trial performed by Lin et al. (15) in China. Despite the high efficacy in this trial (14) , we felt that it was important to evaluate the effect in our mainly European population of VLBW infants, as there are no published data on its use outside Asia. Furthermore, there is a lack of data on possible interactions of feeding breast milk vs. formula on the protective effect of probiotics. We therefore performed a prospective observational study and aimed at investigating the effect of Infloran (Laboratorio Farmaceutico) on the NEC incidence in VLBW infants after implementation at our unit. Secondary aims were to assess the influence of Infloran on NEC severity and whether the type of enteral feeding (breast milk vs. formula) modulates the effect of Infloran on NEC.
RESULTS

Screening
A total of 666 VLBW infants, <34/0 wk gestation, who were born between January 2008-December 2009 and October Infants in the probiotics group were born with a significantly lower gestational age (GA) (−10 d; P = 0.004) and birth weight (−80 g; P = 0.020) than controls ( Table 1) . Their 5-min Apgar scores were lower (8 vs. 9; P < 0.001), but umbilical pH was higher (7.32 vs. 7.28; P < 0.001). They received a higher amount of total fluids in the first week of life (+5.8 ml; P = 0.005) and were less often provided with umbilical catheters. Surfactant use was significantly higher (73.9 vs. 57.1%; P < 0.001) in the probiotics group. All other demographic (small for gestational age, prenatal steroids, antibiotics, preeclampsia/hypertonia, and cesarean section) and basic clinical parameters (closure and treatment of patent ductus arteriosus and use of vasopressors <72 h after birth) were similar between the groups.
Neonatal Outcome Parameters
The primary outcome NEC in the probiotics group (7.0%) was −32% lower than that in the control group (10.3%), but the result was not statistically significant (P = 0.200)-also after correction for confounding variables (birth weight, any mothers' milk in the first 2 wk of life, premature rupture of membranes, prenatal antibiotics, and death) in a model of binary logistic regression (Tables 2 and 3) . Mortality was significantly lower in the probiotics group (7.0 vs. 12.9%; P = 0.036); the compound outcome of "intraventricular hemorrhage (IVH) grade III/IV and/or NEC" was significantly lower (28/230 (12.2%) vs. 47/232 (20.3%); P = 0.023). Retinopathy of prematurity requiring treatment was significantly higher in the univariate analysis (16.1 vs. 9.0%; P = 0.009) but not after correction for relevant confounders (GA and mortality; P = 0.401; complete model not shown). Further outcome variables were not statistically different. No case of sepsis with a probiotic germ occurred. There was no statistically significant effect of probiotics in small-for-gestational-age infants on NEC incidence (5/53 (9.4%) vs. 4/38 (10.5%); P = 0.566).
NEC Severity
Administration of Infloran (Laboratorio Farmaceutico) had no impact on mortality of infants who developed NEC or occurrence of perforated NEC (IIIb) ( Table 4) . Laboratory parameters did not differ except for significantly lower platelets in the probiotics group. Clinical and radiological parameters did not vary.
Nutritional Variables
There was no difference in type and volume of enteral feedings between the two groups ( Table 5 ). Moreover, intake of Infloran (Laboratorio Farmaceutico) had no influence on feeding tolerance (time until full enteral feeds, amount of gastric residuals, and presence of bilious gastric residuals).
Subgroup Analysis According to Feeding Type
A subgroup analysis of the effect of Infloran (Laboratorio Farmaceutico) according to the enteral feeding type (any breast milk vs. exclusively formula) during the first 2 wk of life showed a statistically significant impact on the development of NEC: Breast milk and Infloran (Laboratorio Farmaceutico) were protective (P = 0.027), whereas formula and Infloran (Laboratorio Farmaceutico) were ineffective ( Tables 6 and 7) . A quantitative analysis by amount of breast milk showed the lowest NEC rate in infants with high breast milk consumption and probiotics (statistically not significant).
Analysis of NEC Risk Factors
Infants developing NEC (n = 40) were more immature (NEC: 26+2 (23+4-33+0) vs. no NEC: 28+0 (22+6-33+6); P = 0.005) than infants without NEC (n = 423). Premature rupture of membranes as cause for preterm birth was observed more often in infants with NEC (NEC: 62.5% vs. no NEC: 42.1%; P = 0.009), and these infants also received prenatal antibiotics more frequently (NEC: 52.5 vs. no NEC: 44.9%; P = 0.024). All other basic clinical and demographic data did not differ significantly (data not shown). Infants with NEC received significantly less breast milk during their first 2 wk of life (NEC: 117.3 ml/kg vs. no NEC: 339.3 ml/kg; P < 0.001) but a comparable amount of formula (NEC: 186.7 vs. no NEC: 210.7 ml/ kg; P = 0.889).
DISCUSSION
The probiotic Infloran (Laboratorio Farmaceutico) had no significant impact on the overall NEC rates in a prospectively followed middle European cohort of VLBW infants. In a subgroup analysis, Infloran (Laboratorio Farmaceutico) significantly reduced NEC in infants fed breast milk but was ineffective in infants exclusively fed formula. The severity of NEC and feeding tolerance were not affected.
The clinical effects of probiotics are highly specific and show large variations depending on the nature of the strain (13) . Our results show that even the effect of the same probiotic (16) reported on a more moderate effect (60%), whereas we found a reduction of 32% which was not statistically significant. It seems unlikely that differences in dosage are the cause as the log units of probiotic germs were highest in our study. Moreover, the dosage did not directly correlate with the effect (here: 4 × 10 . Also, the smaller effect in our study may be accounted for by practice differences between different units. For this reason, it is hard to derive dosage recommendations from this and other studies. Amounts of 10 9-10 log units of probiotic germs are generally needed to overcome gastric acid, bile, and digestive enzymes in adults (17) . As the digestive components in preterm infants are immature, it is thinkable that also lower doses would be sufficient or maybe even more effective, but only large multicenter trials comparing different dosing of the same probiotic could clarify this question (13) .
Additionally, the weak effect of Infloran (Laboratorio Farmaceutico) in our population is not explained by a generally low NEC incidence, as the baseline incidence in the control group of our study was higher (10.3%) compared with Lin et al. (15) (5.3%) or Hoyos (16) (6.6%). Also, confounding variables did not influence our results significantly, as shown by a multivariate analysis including birth weight, use of mother's milk, premature rupture of membranes, prenatal antibiotics, and death. We cannot exclude that the susceptibilities of the (19) in Australia and New Zealand found a more modest reduction by 55% (from 4.4 to 2%). Variations in susceptibility to certain drugs among different ethnicities were previously described (20) and could also be relevant with probiotics. In this respect, it is well established that probiotics interact with the host's immune system via toll-like receptors (21) that display polymorphisms between different ethnicities (22) , which may modulate the preventive effect of a probiotic against NEC. Currently, there is no study or meta-analysis that addresses the question whether the effect of a probiotic is influenced by race, and systematic investigations could be of interest. Breast milk is a well-established option for preventing NEC (23), and accordingly, NEC was associated with less intake of breast milk during the first 2 wk of life in our study. Yet, what remained unclear so far is how the source of enteral nutrition (breast milk or formula) influences on the efficacy of probiotics in preventing NEC (13) . One would expect that infants fed formula would especially benefit from probiotics, as these infants present with a reduced colonization with bifidobacteria and lactobacilli (24) . To our surprise, the preventive effect of Infloran (Laboratorio Farmaceutico) against NEC was restricted to infants who received any breast milk, providing evidence that the efficacy of the probiotic germs depends on concomitant feeding of human milk. Oligosaccharides in breast milk contribute to the growth of bifidobacteria and lactobacilli (25) , which may enhance the effect of these germs preventing NEC also after oral supplementation. In this regard, the lowest NEC rate was found in infants who received probiotics and were fed high amounts of breast milk. Although analyses of subgroups need to be interpreted with caution, it seems unlikely from our data that infants exclusively fed formula had any benefit from Infloran (Laboratorio Farmaceutico). Actually, there are no published data showing an effect of Infloran (Laboratorio Farmaceutico) or any other probiotic in infants who were solely formula fed. In this line, it is of high interest that in the study of Lin et al. (15) -where Infloran (Laboratorio Farmaceutico) was highly efficaciousinfants were exclusively fed breast milk. The fact that all infants Binary logistic regression analysis on the effect of probiotics, controlled for the confounding covariates birth weight, any breast milk in the first 2 wk of life, PROM, prenatal antibiotics, and death. P values < 0.05 were considered statistically significant and printed in bold letters. BM, breast milk; PROM, premature rupture of membranes.
Articles in our study were started on formula on the first day of life and never exclusively fed breast milk might explain the weak effect of Infloran (Laboratorio Farmaceutico) in our study. In particular, early exposure to formula may have an impact on gut colonization patterns and NEC risk. From our findings and the published literature, it is therefore reasonable to conclude that avoidance of early exposure to formula will help to improve the efficacy of probiotics against NEC. Further studies on probiotics and their benefit under different types of enteral feeding are urgently needed to confirm our findings. Further trials should also consider a potentially lower effect of probiotics in infants exclusively fed formula regarding power calculations. Some studies suggest that probiotics also reduce the severity of NEC. Using Infloran (Laboratorio Farmaceutico), Lin et al. (15) showed that 6/10 NEC cases in the control group, but only 0/2 in the study group, were Bell stage 3. Bin-Nun et al. (18) also reported a significant reduction in NEC severity using ABCDophilus (Solgar). In our study, a detailed analysis of NEC cases including clinical and laboratory parameters did not reveal any changes in mortality, severe NEC (Bell's stage IIIb), or the clinical course of NEC. Platelet levels were even significantly lower in NEC cases of the probiotics group, which may rather indicate a greater disease extent (26) . Therefore, our Infants who received exclusively formula were compared with those who received any BM in the first 2 wk of life (upper table) . In a quantitative analysis, groups were split up by percentage of BM as indicated (lower table) . Data are presented as cases/total infants with percentages in parentheses. A binary logistic regression analysis was performed; the detailed statistic analyses of the groups "formula" and "any BM" are shown in data do not support that Infloran (Laboratorio Farmaceutico) reduces NEC severity. Death was significantly lower in infants who received probiotics in our study, but the positive effect on survival even exceeded the reduction of NEC, which is not seen in the meta-analyses (13, 14) . Consequently, it can be assumed that other factors besides a reduction of NEC improved the survival in these infants. NEC, severe IVH, and sepsis are major contributors to death among VLBW infants (27) . The reduction of mortality in our study-as it can be explained from our data-is caused by the reduction of NEC and severe IVH that was statistically significant as a compound outcome-as well as improvements in sepsis management. Besides probiotics, we introduced pentoxifylline to reduce mortality in severe sepsis. In accordance with the protective effect of pentoxifylline against death in sepsis (28), cases of lethal sepsis have halved, while the incidence of sepsis did not change markedly. It is however a limitation that we do not have the data on the use of pentoxifylline in all study infants. Furthermore, a way of less invasive surfactant application was established that improved the survival of infants <26 wk GA and reduced severe IVH (29) and was accompanied by improvements in physician's staffing which itself has a known impact on patient's mortality (30) . Overall, we conclude that reduced morbidities and improvements in the management of VLBW infants-not probiotics alone-have significantly reduced mortality in our cohort. In this respect, we also observed a trend toward a lower mortality during the first week of life when probiotics are rather unlikely to be effective and NEC is uncommon (infants that were not eligible due to death in the first week of life: 37/340 (10.9%) vs. 22/326 (6.7%); P = 0.086; Figure 1 ).
The significant increase of retinopathy of prematurity in the probiotics group seen in the univariate analysis was investigated in a model of logistic regression correcting for GA and death showing that it was not attributable to probiotics but to the improved survival rate and lower GA.
In a recent trial, a significant reduction of culture-proven sepsis (but not NEC) was shown using Lactobacillus reuteri (31) . We did not find any influence on culture-proven sepsis in our study using Infloran (Laboratorio Farmaceutico), which is in line with other investigations (19, 32) . As in other studies (33) , sepsis with probiotic germs did not occur-neither in the study population nor in infants excluded from the study (data not shown)-which is reassuring.
There are some reports on a positive influence of probiotics on feeding tolerance. Kitajima et al. (34) Limitations of our study are the retrospective nature of controls, the more as concomitant changes in practice of airway and sepsis management occurred in the study period and survival generally improved. However, prophylactic surfactant and pentoxifylline have no published effect on NEC but may have influenced some of the secondary outcomes.
In summary, our study showed that the efficacy of Infloran (Laboratorio Farmaceutico) varies strongly between centers and was of low efficacy in our population of VLBW infants. A preventive effect against NEC was only present in infants fed breast milk in the first 2 wk of life-but not in infants exclusively fed formula-suggesting that the efficacy of probiotics is strongly influenced by feeding practices. We found no influence on NEC severity or improvement in feeding tolerance. Future studies should urgently focus on the use of probiotics in infants fed formula compared with breast milk.
METHODS
Probiotics and Enteral Feedings
From September 2010, all preterm infants <34+0 wk GA admitted to our unit received Infloran (Laboratorio Farmaceutico, Sanremo, Italy; one capsule containing 10 9 L. acidophilus and 10 9 B. infantis; storage at 4 °C) from birth until discharge or 37+0 wk GA. The drug was applied twice a day with enteral feedings. Infloran (Laboratorio Farmaceutico) was not used in infants with gut malformations and discontinued if definite NEC occurred. In all infants, enteral feedings were started on the first day of life using preterm formula (1 ml every 3 h) and advanced by 10-20 ml/kg/d depending on feeding tolerance. Feedings were switched to breast milk as soon as it was available from the infant's mother. If no breast milk was available, infants remained on preterm formula. Fortification of breast milk was started as soon as 100 ml/kg/d of enteral feedings were reached, using a bovine milk fortifier.
Study Design and Eligibility
We performed an observational study on the effects of Infloran (Laboratorio Farmaceutico) in VLBW (<1,500 g) infants born <34 wk of gestation. Infants in the prospective study group received Infloran (Laboratorio Farmaceutico) ("probiotics" October 2010-July 2012) and were compared with a retrospective control group receiving no probiotics ("controls" January 2008-December 2009). Patients were 
